cascade. We propose that, in addition to its role in bi-
The wsh3 Mutant Shows Cell-Polarity Defects Accentuated by Stress Conditions polar cell growth, the Tea1-Wsh3 complex contributes to the maintenance of cell polarity under stress condiTo examine the cellular function of Wsh3, we constructed the wsh3 null (⌬wsh3) strain by the gene-distions that affect the cytoskeleton. ruption technique. We found that the haploid ⌬wsh3 mutant was viable and had a doubling time similar to (Figure 2A ). Heat-shock treatat residues 121-178, as well as a cluster of acidic amino ment that shifted cultures from 25°C to 36°C also had acid residues at positions 81-99 ( Figure 1A) Interaction between Win1 MAPKKK and Wsh3 was heat shock, and the loss of Wsh3 leads to initiation of also detected biochemically in S. pombe. Wsh3 was an abnormal growth site. overexpressed from a plasmid with an N-terminal GST The aberrant cell morphology of the ⌬wsh3 mutant (glutathione S-transferase) tag, and isolation of GSTresembles the reported cell-polarity defects of tea muWsh3 by glutathione-Sepharose led to coprecipitation tants, which were isolated for their T-shaped morpholof Win1 both before and after high osmolarity stress ogy [35, 36] . The branching phenotype of the tea muthat activates the Spc1 MAPK cascade ( Figure 1B) . tants is dramatically enhanced in the cdc11 cytokinesis However, despite repeated attempts, we failed to demutant, which repeats nuclear division cycles without tect significant copurification of the endogenous Wsh3 cytokinesis [36] . We also found that the ⌬wsh3 mutaand Win1 proteins (data not shown); their physical astion induced cell branching at a high frequency in the sociation may not be strong enough to survive protein cdc11 background after shifting up to its restrictive temperature ( Figure 2B ). In early G2, S. pombe cells dilution during cell-lysate preparation. level was not significantly altered between wild-type nase. Consistently, the ⌬wsh3 defects described above (Figure 2 ) are very similar to the phenotypes of Pom1-and ⌬wsh3 strains (data not shown). These results suggest that the Tea1-containing structures at cell tips of defective strains [25, 43]; both ⌬wsh3 and ⌬pom1 mutants showed monopolar growth, and their branching ⌬wsh3 are not functional and cannot recruit Pom1 ki-stress stimuli that activate the MAPK cascade. Because Wsh3 forms a complex with Tea1, we examined whether the Tea1 function might also be important under these stress conditions. It was previously reported that ⌬tea1 cells exhibit branching at high frequency after the temperature shift from 25°C to 36°C (Figure 6A;  [17, 20, 44] ). We found that high-osmolarity stress by 0.6 M KCl also promotes the appearance of T-shaped cells in the ⌬tea1 strain, to levels comparable to those of the ⌬wsh3 mutant ( Figure 6B ). The ⌬wsh3 ⌬tea1 double and ⌬wsh3 ⌬tea1 ⌬pom1 triple mutants exhibited T-shaped morphology at slightly higher frequencies than the ⌬tea1 and ⌬wsh3 single mutants under stress conditions. These results suggest that the Tea1-Wsh3 complex plays a role in maintaining growth polarity under osmostress and heat shock.
To assess the involvement of the Spc1 MAPK cascade in cell-polarity maintenance under stress, we examined the morphology of ⌬spc1 cells under various stress conditions. Spc1 is essential for cellular survival of stress through transcriptional induction of resistance genes, and the ⌬spc1 mutant ceases cell growth and loses viability under stress conditions [26, 27, 45]. Because expression of cell-polarity phenotypes requires cell growth, we chose mild stress conditions that allowed cell growth of the ⌬spc1 mutant. Cell-polarity defects with bent and branched morphology were observed after the ⌬spc1 mutant was shifted from 25°C to 36°C ( Figure 6C ). We also found that, even under In this paper, we have identified a novel SH3-domain protein, Wsh3, which forms a complex with the Tea1 morphology was enhanced in the cdc11 background.
cell-end marker protein and is required for proper Tea1 We also observed branched-cell morphology with the distribution and function; a new gene name, tea4 + , was ⌬pom1 strain after osmostress and heat shock (data recently reserved for wsh3 + in the S. pombe GeneDB not shown). In addition, their division septum was often (http://www.genedb.org/genedb/pombe/index.jsp). misplaced from the center of the cell ( Figure 5E ). These Wsh3/Tea4 was isolated through its interaction with the observations strongly suggest that the Pom1 kinase is stress MAPKKK, Win1. Indeed, both ⌬wsh3 and ⌬tea1 not functional in the ⌬wsh3 mutant. Consistently, the mutants exhibit cell branching under high-osmolarity ⌬wsh3 ⌬pom1 double mutant exhibited stress-induced and heat-shock conditions, indicating that the Wsh3/ morphological defects similar to those of the ⌬wsh3
Tea4-Tea1 complex is required for maintaining cell posingle mutant (data not shown). On the other hand, cellarity under environmental stress. lular localization of Wsh3-GFP appeared to be normal Both cytological and biochemical data strongly sugin ⌬pom1 cells, indicating that the Pom1 function is not gest that Wsh3/Tea4 binds to Tea1 and that the comrequired for the proper localization of Wsh3 (data not plex is transported to cell tips by growing microtubules. shown).
On the other hand, in the ⌬wsh3 mutant, cytoplasmic dots of the Tea1-GFP are transported toward cell tips but fail to accumulate at one cell end; they instead form Wsh3, Tea1, and Spc1 MAPK Contribute to CellPolarity Maintenance under Stress Conditions an abnormal static aggregate at the other end. Therefore, Wsh3/Tea4 is not required for the localization of As described above, Wsh3 interacts with Win1 MAPKKK of the stress MAPK cascade, and the ⌬wsh3 mutant Tea1 to microtubule plus ends but plays an essential role in building functional Tea1-containing structures in shows cell-polarity defects, which are accentuated by cytoskeleton may be evolutionarily conserved, with some variations specific to organisms. Because of its
